Cadmium arsenide (Cd 3 As 2 ) is known for its inverted band structure and ultra-high electron mobility. It has been theoretically predicted and also confirmed by ARPES experiments to exhibit a 3D Dirac semimetal phase containing degenerate Weyl nodes. From magneto-transport measurements in high quality single crystals of Cd 3 As 2 , a small effective mass m * ≈ 0.05 m e is determined from the Shubnikov-de Haas (SdH) oscillations. In certain field orientations, we find a splitting of the SdH oscillation frequency in the FFT spectrum suggesting a possible lifting of the double degeneracy in accord with the helical spin texture at outer and inner Fermi surfaces with opposite chirality predicted by our ab initio calculations. Strikingly, a large antisymmetric magnetoresistance with respect to the applied magnetic fields is uncovered over a wide temperature range in needle crystal of Cd 3 As 2 with its long axis along [112] crystal direction. It reveals a possible contribution of intrinsic anomalous velocity term in the transport equation resulting from a unique 3D Rashba-like spin splitted bands that can be obtained from band calculations with the inclusion of Cd antisite defects.
Topological materials have attracted great attention recently in condensed matter physics and material science. Non-trivial topology in a bulk band along with certain crystal symmetry can give rise to a novel material phase with unusual surface states, such as topological insulator [1, 2] , topological crystalline insulator [3, 4] and Weyl semimetal (WS) [5] [6] [7] . Recently, a 3D Dirac semimetal (DS) phase has been theoretically predicted to exist in Na 3 Bi [8] , BiO 2 [9] , and Cd 3 As 2 [10] , where angle-resolved photoemission spectroscopy (ARPES) has provided direct evidences for such a 3D Dirac semimetal band [11, 12] . As opposed to a WS, a DS contains overlapping Weyl nodes with opposite chirality in momentum space and typically requires a special crystal symmetry to protect the nodes against the gap-opening.
The breaking of either time reversal symmetry or inversion symmetry in a DS is, therefore, a route toward realizing a WS phase, where a special magneto-electric coupling effect [13] due to the non-conserving chiral current between separated Weyl nodes can lead to novel transport phenomena [14] [15] [16] [17] [18] . Cd 3 As 2 contains inverted bands with ultra-high electron mobility, which were reported decades ago [19, 20] , but only recently it revives as an example of 3D topological Dirac semimetals. It has been shown in experiments that a WS phase can be realized in Cd 3 As 2 by applying intense magnetic field along the [001] crystal direction [21, 22] . However, when the magnetic field is tilted away from [001] direction, the four-fold rotational symmetry is broken giving rise to gapped Dirac nodes in Cd 3 As 2 [23] . More recently, an exotic superconducting phase was discovered in point contact measurements on the surface of Cd 3 As 2 , which was attributed to the possible tip-induced symmetry-lowering or density variation near the point contact region [24, 25] . Those results all point to an important fact that the system's symmetry plays a crucial role dictating the details of Dirac band structures in Cd 3 As 2 .
In this study, we performed magnetotransport measurements on needle crystals of pure Cd 3 As 2 grown by chemical vapor transport [26, 27] . Compared to flux growth single crystals [16, 28] , the CVT needle crystals have lower residual resistivity ratio suggesting higher defect level, which enables us to investigate the influence of defects to the Dirac band structures in Cd 3 As 2 . By introducing the Cd antisite defects into the band calculations, both the inversion symmetry and rotational symmetry were broken giving rise to a unique 3D Rashbalike spin splitted bands in Cd 3 As 2 , which may provide a qualitative explanation to the observed splitting in SdH frequency at various field angles and also a huge antisymmetric magnetoresistance (MR) with respect to magnetic fields in Cd 3 As 2 . Nevertheless, a possible current-jetting effect [29, 30] due to disorder and inhomogeneous conductivity, which has been reported in several narrow band-gap semiconductors [31, 32] , will be discussed and compared to our transport data in Cd 3 As 2 .
Results and Discussions
The crystal structure of Cd 3 As 2 as shown in Fig. 1(a) comprises a distorted antifluorite structure with ordered Cd vacancies, and it contains 80 atoms within a unit cell. For the phase stabilized at the lowest temperature, the Cd vacancies could be arranged orderly within a large tetragonal cell composed of corner-sharing CdAs 4 tetrahedral units. The symmetry of Cd 3 As 2 generated at the lowest temperature has been controversially indexed with either noncentrosymmetric space group I4 1 cd [33] or I4 1 /acd with centrosymmetry [34] .
While the indexing based on powder X-ray diffraction is nearly equally satisfactory, and the initial Cd vacancy ordering is determinative on the final symmetry, the growth condition and crystal morphology could also play a role [34] . In the same batch of crystals, two types of needles can be identified. Needle A has nearly triangular-shape cross-section, while needle B has rectangle-shape cross-section as demonstrated in Fig. 1(c) . Fig. 1(b) shows the powder XRD pattern of the needle B crystal, which can be indexed with the space group I4 1 /acd with centrosymmetry. For needle A, the same space group of I4 1 /acd can be indexed in the X-ray diffraction. In order to identify the crystalline direction along the long axes of the needle crystals, a 4-circle diffractometer was used, and the corresponding single-crystal XRD of needle A and B are shown in Fig. 1(b 
where Table I . This is in accord with the observed beating patterns and multiple closely-spaced SdH frequencies shown in Fig. 2(b) and (c) (see also supplementary information). However, we note that a small gap about 10 meV is opened at the Dirac node due to the rotational symmetry breaking by the Cd antisites. In addition, the band width was reduced causing a flatter Dirac bands, which results in a somewhat lower Fermi level location in our band calculations compared to previous reports based on defect-free band calculations [12, 28] .
In the lower panels of Fig (Fig. 3(b) ) was observed in needle A instead.
Those phenomena cannot be fully understood via the current-jetting mechanism alone. We also note the large negative MR found in needle A at θ = 30 o , where its origin is unclear and requires further investigation. On the other hand, ρ antisym remains finite at low-field diffusive limit and grows larger in higher fields without saturation as shown in Fig. 3(b) . In particular, the ρ antisym -µ 0 H curve at θ = 90 o exhibits a slower increase of ρ antisym at higher fields, which is different from others being nearly linear with field. Those findings strongly suggests that there is additional contribution to the antisymmetric MR other than the normal Hall contribution and the high field effect in quantum limit. We also find that such an antisymmetric behavior in MR persists up to room temperature and shows relatively weak T dependence (see supplementary information), which supports for a more intrinsic origin rather than due to impurity effect at low T .
Another likely mechanism is the anomalous velocity term associated with the non-zero
Berry curvature of the bulk band [36, 37] . In a general formalism, the electron velocity can be expressed ash υ = ∇ k ǫ(k) + e E × Ω( B, k), where Ω( B, k) is the Berry curvature. In a diffusive transport [14] , it can be shown to give a total current of
where
and g k ( B, E) are the equilibrium and non-equilibrium distribution function, respectively. In zero field, time reversal symmetry ensures that the integration of anomalous velocity term (e E × Ω( B, k)) with f 0 k over the whole Fermi surface gives zero contribution to the total current. However, in the presence of magnetic field and electric bias, the induced g k ( B, E) can result in non-vanishing anomalous velocity contribution to the total current as shown in Eq. 2. It is known that the electric current and spin polarization can couple with each other in a 2D electron gas system with Rashba spin splitting [38, 39] . For example, current-induced spin polarization has been demonstrated providing a strong support for the observable effects originating from non-equilibrium g k ( B, E) term. In the case of a 3D Rashba-like spin splitted band shown in Fig. 4(c) , g k ( B, E) value can have nontrivial dependence on the orientation of B and E, which results in anomalous angular dependence in the transport phenomena.
In order to look into the anomalous velocity contribution, Berry curvature Ω based on the band structure shown in Fig. 4(a) was calculated. Figure 5 Ω is antisymmetric with respect to the Γ point as expected for a system with time reversal symmetry. We remark that the calculated Ω gives the largest non-zero value along Γ − Z direction, which is nearly 4-fold bigger compared to that along Γ − X. Such a difference can provide qualitative explanation on the observation of a larger ρ antisym in needle A sample with current applied along [112] , where a non-zero electric bias along Γ − Z is present.
We note that similar splitting in SdH frequency was also reported in flux-growth Cd lead to a large transverse current response in the charge transport.
In conclusion, Cd 3 As 2 exhibits a 3D topological Dirac semimetal phase with ultra-high electron mobility. According to our band calculations, Cd antisite defects can be an effective symmetry-breaking mechanism giving rise to a unique 3D Rashba-like spin splitting in the k x - 
